Background and Purpose-The association between family history of stroke and stroke recurrence remains unclear. Methods-Using a web-based multicenter stroke registry database, information on history of stroke in first-degree relatives was collected prospectively for acute ischemic stroke patients who were hospitalized within 7 days of onset. The collected information was categorized as follows: type of the affected relative(s) with stroke (paternal, maternal, sibling, or 2 or more) and age of the relative's stroke onset (<50, 50-59, 60-69, and ≥70 years). Stroke recurrence was captured prospectively using a predetermined protocol. Subgroup analyses were performed according to the patient's age at the index stroke. Results-Among 7642 patients, 937 (12.3%) had a history of stroke in their first-degree relatives and 475 (6.2%: 201 within and 274 after 3 weeks from index stroke) experienced stroke recurrence (median follow-up, 365 days). In multivariable Cox proportional hazard models, overall family history was not associated with stroke recurrence (hazard ratio, 1.08; 95% confidence interval, 0.81-1.43). However, the details of their family histories, including relative's age at stroke onset (<50 years: hazard ratio, 2.14; 95% confidence interval, 1.004-4.54) and stroke history in a sibling (hazard ratio, 1.67; 95% confidence interval, 1.09-2.58), were independently associated with stroke recurrence after adjusting for potential confounders. The associations appeared to be stronger in young adults with stroke (age, <55 years) than in older stroke patients. Conclusions-This study suggests that elevated risks of recurrent stroke are associated with having relatives with earlyonset stroke and siblings with stroke histories, implying that additional precautions may be needed in such populations.
F amily history has been used to represent genetic predisposition, and its associations are linked to the risks of developing specific diseases and their prognosis. [1] [2] [3] A positive parental history of cardiovascular disease is related to an increased risk of first cardiovascular events in offspring who do not have vascular disease. [4] [5] [6] Family history of cardiovascular disease is also associated with recurrent myocardial infarction or coronary intervention, 7 vascular events, 8 and atherothrombotic events. 9 With regard to ischemic stroke, a parental history of stroke before the age of 65 years was associated with a 3-fold increase in the risk of first-ever stroke in their offspring. 10 Positive associations between family history of stroke and functional status at discharge, 11 lacunar stroke, 12, 13 atherothrombotic stroke, 12, 13 and the severity of early neurological deficits 14 have also been reported. However, family histories of stroke in first-degree relatives and parents were not predictors of recurrent stroke in previous studies. 7, 15 Family history of stroke is a complex profile that includes the types of affected relatives (ie, paternal, maternal, or sibling), the ages of relatives at stroke onset (early onset versus late onset), and other characteristics. In addition, a family history of stroke may have different effects on the risk of stroke recurrence, depending on the patient's age of stroke onset. We hypothesized that these complexities might explain the apparent lack of association between family history and stroke recurrence that has been reported in previous studies. 7, 15 Here, we sought to test this hypothesis using a nationwide prospective stroke registry database.
Methods

Study Subjects
This study relied on the database of the Clinical Research Center for Stroke-5th division registry, which is a prospective, multicenter, nationwide, web-based, and acute stroke registry in Korea. 16, 17 The database was used to identify a consecutive series of patients who were hospitalized at any of the 8 participating hospitals between January 2011 and July 2013 because of acute ischemic stroke within 7 days of symptom onset. Clinical information was acquired directly from the registry database, including data on age, sex, body mass index, laboratory findings (systolic and diastolic blood pressure, overnight fasting glucose level, and cholesterol level), vascular risk factors (previous ischemic stroke, previous coronary heart disease, hypertension, diabetes mellitus, hyperlipidemia, atrial fibrillation, and smoking status), stroke profile (symptom onset to arrival at hospital, National Institutes of Health Stroke Scale score at admission, stroke cause [TOAST, trial of ORG 10172 in acute stroke treatment, classification with some modifications 18 ]), acute treatment (recanalization treatment, medications provided during hospitalization), history of stroke among first-degree relatives, and stroke recurrence. The etiologic evaluations and stroke management at the participating centers were performed according to the contemporary clinical practice guidelines, institutional protocols, and at the discretion of the individual physicians who were in charge of patient care.
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Acquisition of Information on Family History and Stroke Recurrence
Information on the history of stroke among first-degree relatives was gathered during hospitalization via a face-to-face interview between the patient or the patient's next of kin and a treating physician or a stroke coordinator. The information was collected using a predetermined clinical record form, which contained questions about the histories of stroke for the patient's father, mother, and siblings. If any of these first-degree relatives had a history of stroke, data on the relative's age of stroke onset was recorded on the form. The age of the relative's stroke onset was categorized into 4 groups: age <50, 50 to 59, 60 to 69, and ≥70 years. The type of affected relative was categorized as paternal, maternal, sibling, or 2 or more. If 2 or more relatives had histories of stroke, the youngest age of onset was selected for the analysis.
Occurrences of vascular events and exact date of vascular events were prospectively captured at discharge, and 3 months and 1 year after stroke onset for monitoring the quality of stroke care and outcomes. Data on vascular events were gathered through reviews of medical records or through direct or telephone interviews by dedicated stroke coordinators from each center. We used 2 different definitions for recurrent stroke, according to the interval of time that had elapsed since the index stroke. During the first 3 weeks since the index stroke, recurrent stroke was diagnosed only when neurological deterioration or a new symptom/sign had developed and relevant new cerebral lesions had been documented by a neuroimaging study. 20, 21 Afterward, recurrent stroke was defined using the definition of stroke from World Health Organization Multinational MONItoring of trends and determinants in CArdiovascular disease project (WHO MONICA). 22 The details of the definition of stroke recurrence used in the Clinical Research Center for Stroke-5th division registry are described elsewhere.
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Standard Protocol Approvals, Registrations, and Patient Consents
The collection of clinical information for the Clinical Research Center for Stroke-5th division registry was approved by the local institutional review boards of all participating centers with a waiver of patient consent because of the anonymity of the collected data and the minimal risk to participants. We obtained further approval for the use of the registry database for the current study.
Statistical Analyses
Demographic and clinical characteristics were compared according to the patient's family history of stroke, the age of the relative at stroke onset, and the type of the affected relative. In these comparisons, Pearson χ 2 test was used for categorical variables, and Student t test or one-way ANOVA was used for continuous variables. Cox proportional hazards regression analyses were performed to evaluate the associations between the 3 abovementioned attributes of family stroke history and stroke recurrence. Multivariable binary logistic regression analyses were performed to adjust for conventional risk factors for stroke recurrence (age, previous ischemic stroke, hypertension, diabetes mellitus, hyperlipidemia, atrial fibrillation, smoking status, stroke subtype, and acute period treatment) and possible explanatory variables with P<0.05 in univariate analysis (sex, body mass index, systolic and diastolic blood pressure, fasting glucose level, low-density lipoprotein cholesterol, previous coronary heart disease, and initial National Institutes of Health Stroke Scale score).
A subgroup analysis was performed according to the patients' age at stroke, which were categorized as <55 or ≥55 years. 23 As post hoc sensitivity analysis, analysis was repeated in patients with first-ever stroke only. Effect modifications by previous history of stroke on associations between family history of stroke and stroke recurrence were examined, too. A 2-sided P value of <0.05 was considered statistically significant. The statistical analyses were performed using IBM SPSS 21.0 (IBM Corporation, Armonk, NY).
Results
During the study period, 7777 patients with acute ischemic stroke were admitted to participating centers within 7 days of symptom onset. After excluding 131 patients with no information on family history and 4 with no information on stroke recurrence, 7642 patients were enrolled in this study. The mean age of the enrolled patients was 67.8 years and 58.6% were male. A history of stroke was present among the first-degree relatives of 937 (12.3%) of the patients. The affected relative was the father for 302 patients, the mother for 283 patients, a sibling for 220 patients, and 2 or more relatives for 132 patients. During the follow-up period (median, 365 days; interquartile range, 125-375 days), 475 (6.2%: 201 within and 274 after 3 weeks from index stroke) patients experienced recurrent stroke.
As compared with patients who did not have a family history of stroke, patients with a family history of stroke were more likely to be younger, male, and a current smoker; were more likely to have a higher body mass index, systolic blood pressure, diastolic blood pressures, total cholesterol, and
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low-density lipoprotein cholesterol; were more likely to have lower fasting glucose; and were less likely to have atrial fibrillation and previous coronary heart disease. With respect to stroke profile and treatment, patients with a family history of stroke arrived later, had a lower National Institutes of Health Stroke
Scale at admission, and took antiplatelet agents and statin more frequently during hospitalization. Large-artery atherosclerosis and small-vessel occlusion were more common in patients with a family history of stroke, while cardioembolism and undetermined cause were less common in these patients (Table 1) . The associations between family history profiles and stroke recurrence are shown in Table 2 and Figure 1 . The presence of a family stroke history did not increase the risk of stroke recurrence in either unadjusted or adjusted models. Nonetheless, having first-degree relatives with early-onset stroke (age, <50 years) was associated with twice the risk of recurrence, as compared with patients who had no family history. However, the association between the relative's age at stroke onset and stroke recurrence did not show a dose-response relationship (P trend =0.21). Regarding the type of relative that was affected by stroke, a history of stroke in a sibling was associated with a significantly elevated risk of recurrent stroke, both before and after adjustments for potential confounders. In contrast, histories of stroke in the patient's father, mother, and 2 or more relatives were not associated with significantly increased risks of stroke recurrence. In a subgroup analysis with first-ever *Adjusted for age, previous ischemic stroke, hypertension, diabetes mellitus, hyperlipidemia, atrial fibrillation, smoking status, stroke subtype, medication (antiplatelet, warfarin, and statin), sex, body mass index, systolic blood pressure, diastolic blood pressure, fasting glucose level, low-density lipoprotein level, previous coronary heart disease, initial NIHSS score, and intravenous thrombolysis. stroke patients, association between family history of stroke in sibling and stroke recurrence remained significant, but earlyonset (age, <50) stroke in a first-degree relative and stroke recurrence lost statistical significance and only showed trend (Table I in the online-only Data Supplement).
Besides the family history profiles, previous history of stroke, hypertension, diabetes mellitus, patient's stroke subtypes of large-artery atherosclerosis and cardioembolic stroke with reference to small-vessel occlusion, and fasting glucose were positively associated with stroke recurrence. Among the treatment modalities, antiplatelet agents or warfarin during acute period seemed to prevent stroke recurrence. Factors associated with stroke recurrence in the present study are summarized in Table II in the online-only Data Supplement.
The associations of stroke recurrence with the relative's age at stroke onset and the type of relative who was affected were analyzed further after stratifying the patients according to their ages at the index strokes (Figure 2) . Of the 7642 patients, 1253 (16.4%) were <55 years old at the time of the index stroke, and 6389 (83.6%) were ≥55 years old. The association between a family history of early-onset stroke and an increased risk of recurrence did not differ significantly between the 2 age groups (P=0.86 for an interaction between the patient age groups and the onset of the relative's stroke). However, the incidence of stroke recurrence was highest in young probands with a sibling with history of stroke; recurrent stroke was experienced by ≈19% of those in the younger group who had a sibling with stroke (P=0.06 for an interaction between the patient age groups and the type of affected relative).
Discussion
In this study, the presence of a family history of stroke in first-degree relatives was not significantly associated with an increased risk of stroke recurrence in patients with acute ischemic stroke. Nonetheless, 2 specific attributes of the family history of stroke were associated with increased recurrence: early-onset stroke in a first-degree relative and a sibling with a history of stroke.
Previous studies of the association between family history of stroke and ischemic stroke recurrence are limited and have had conflicting results. Most studies focused on associations between family history of cardiovascular disease and subsequent vascular events. [7] [8] [9] One study of ischemic stroke reported no significant association between family history of stroke and the subsequent risk of stroke after transient ischemic attack. 24 Another study, which was based on a Chinese national stroke registry, indicated that family history of stroke was not associated with 1-year stroke recurrence. 15 In agreement with previous studies, we found that neither the overall family history of stroke nor the parental stroke history was associated with a significantly increased risk of recurrent stroke. However, more detailed attributes of the family histories were found to have predictive value for recurrent stroke in our patients.
An independent association between premature cardiovascular family history and recurrent arterial thrombotic events has previously been reported. 9 In the present study, we observed a similar association in patients who had at least 1 relative with stroke onset before the age of 50, but not in those who had relatives with stroke onset at ≥50 years old. The strengths of hereditary predispositions have been linked to earlier presentations of disease phenotypes, 25 and the application of this hypothesis to recurrent stroke could explain the results that were observed in our study.
In this study, we also found an independent association between the stroke history of siblings and the risk of stroke recurrence. Previous studies have reported that the risk and severity of stroke are more strongly associated with sibling histories of stroke, transient ischemic attack, and myocardial infarction than with parental histories. 14, [26] [27] [28] In addition, in a systematic review of twin studies that investigated the genetic epidemiology of stroke, it was noted that monozygotic twins were more likely to be concordant for stroke or stroke death than were dizygotic twins. 29 These associations have been explained by the uniquely potent interactions of genetic and environmental factors that are shared by siblings. Although the precise mechanism underlying the effect of family history on stroke recurrence remains unclear, the authors of the systemic review speculated that both strong genetic predispositions in young adults and shared of environmental factors in siblings could lead to more robust, shared familial risks for the development of recurrent stroke.
The strengths of this study include the use of detailed information on family stroke history that was obtained prospectively through a nationwide multicenter stroke registry, based on predetermined protocols. Furthermore, stroke recurrences were captured precisely using 2 different definitions according to the time that had elapsed since the index stroke. However, several limitations to this study should also be noted. First, the possibility that the family history information was biased could not be excluded. The family history of stroke was gathered from interviews with patients or their next of kin, rather than from examinations and reviews of the medical records of first-degree relatives. Significant difference in accuracy of information may also exist according to whether the family history information was obtained from the probands or their proxies. The possibility of recall bias was expected, especially as related to parental history. In addition, the quality of the data may have differed across generations. For most patients, parental strokes occurred before the widespread use of modern neuroimaging techniques, and were prone to misclassification. A future study is warranted, in which modern neuroimaging techniques are applied to define the family history. Second, potential genetic mechanisms that might explain the associations between family history and stroke recurrence could not be explored in this study. Recently, it was reported that a variant on chromosome 9p21.3 correlated with ANRIL expression could serve as a novel genetic marker for atherothrombotic and hemorrhagic stroke, as well as their recurrences. 30 The underlying mechanisms of stroke recurrence may be elucidated by detailed information from future genome-wide genetic association studies that incorporate family history. These studies could also help to identify patients who are especially susceptible to stroke recurrence. Third, this study did not consider the potentially different associations between stroke subtypes (ie, ischemic versus hemorrhagic and TOAST subtypes), family history, and stroke recurrence. Recently, the METASTROKE Collaboration reported that genetic variants were only confirmative in specific stroke subtypes. 31 Future studies on subtype-specific stroke recurrence are warranted. Fourth, information on the presence of single-gene disorder-associated ischemic stroke, such as CADASIL and Fabry disease, were not available in this study. 32, 33 Further studies identifying specific at-risk subpopulations for stroke recurrence based on monogenic stroke disorder is needed. Fifth, having stroke at young age may have affected patients' fecundity, which may lead to systemic de-enrichment of patients with young stroke and underestimation of its heritability. Finally, but not unimportantly, this study only included Koreans. Considering the presence of genetic difference according to ethnicity, the generalizability of the study results is therefore limited.
Our data indicate that detailed information on family history of stroke, especially including the relative's age of stroke onset and the type of relative who was affected, could be helpful for predicting the risk of recurrence in stroke survivors. The results broadly suggest that more cautious and closer monitoring may be needed for patients with these risk factors. Furthermore, our analysis indicates that gathering simple information on the presence or absence of a family history of stroke may be not adequate for clinical or research purposes. 
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